Altered expression of proteins of the fibrinolytic and coagulation cascades in obesity may contribute to the cardiovascular risk associated with this condition. We previously reported that plasminogen activator inhibitor 1 (PAI-1) is dramatically up-regulated in the plasma and adipose tissues of genetically obese mice. This change may disturb normal hemostatic balance and create a severe hypofibrinolytic state. Here we show that tissue factor (TF) gene expression also is significantly elevated in the epididymal and subcutaneous fat pads from ob͞ob mice compared with their lean counterparts, and that its level of expression in obese mice increases with age and the degree of obesity. Cell fractionation and in situ hybridization analysis of adipose tissues indicate that TF mRNA is increased in adipocytes and in unidentified stromal vascular cells. Transforming growth factor ␤ (TGF-␤) is known to be elevated in the adipose tissue of obese mice, and administration of TGF-␤ increased TF mRNA expression in adipocytes in vivo and in vitro. These observations raise the possibility that TF and TGF-␤ may contribute to the increased cardiovascular disease that accompanies obesity and related non-insulin-dependent diabetes mellitus, and that the adipocyte plays a key role in this process. The recent demonstration that TF also inf luences angiogenesis, cell adhesion, and signaling suggests that its exact role in adipose tissue physiology͞pathology, may be complex.
Vascular hemostasis is achieved because of the exquisitely regulated interaction and balance between the coagulation and fibrinolytic systems, and imbalances in either system may lead to thrombotic or hemorrhagic problems (1) (2) (3) (4) (5) (6) . Obesity and related non-insulin-dependent diabetes mellitus (NIDDM) are among the most common health problems in industrialized societies and are associated with increased incidence of thrombosis and accelerated atherosclerosis (7, 8) . Interestingly, a number of studies demonstrate dysregulation of both the coagulation and fibrinolytic systems in obesity͞NIDDM (9) (10) (11) (12) and suggest that these changes may contribute to the cardiovascular complications in these disorders. In this regard, several studies have shown an increase in tissue factor (TF)-mediated coagulation and͞or in factor VII activity͞antigen in obese and NIDDM patients (4, 10, (13) (14) (15) (16) (17) (18) . TF is the major cellular initiator of the coagulation cascade, and also serves as a cell-surface receptor for the activation of factor VII (5, 6) . Activation of the coagulation cascade by aberrant expression of TF has been suggested to promote the thrombotic episodes in patients with a variety of clinical disorders, including Gram-negative sepsis (19) and atherosclerosis (20, 21) , as well as adult respiratory distress syndrome, systemic lupus erythematosus, Crohn's disease, rheumatoid arthritis, and various forms of cancer (22) . TF is expressed in human atherosclerotic plaques and may play a significant role in the thrombotic complications associated with plaque rupture (20) (21) (22) ). These observations demonstrate that an increase in TF in obesity and associated NIDDM could promote the development of a hypercoagulable state and thus contribute to the cardiovascular complications associated with obesity. In spite of this, very little is known about TF expression in obesity or whether it is elevated in this condition.
Plasma plasminogen activator inhibitor 1 (PAI-1) is also elevated in human obesity (23) (24) (25) (26) , and we have made considerable progress in understanding the tissue and cellular origin of this increase by studying genetically obese (ob͞ob) mice. The ob͞ob mice cannot produce leptin (27) , and as a consequence are associated with early onset obesity and severe insulin resistance (28) . Our studies showed that plasma PAI-1 levels in obese mice were 5-fold higher than that of their lean counterparts (29) , and that this increase seemed to reflect increased expression of PAI-1 by the adipocyte itself in response to chronically elevated levels of tumor necrosis factor ␣ (TNF-␣), insulin, and transforming growth factor-␤ [TGF-␤ (29-33)]. In this report, we employ this same model system to determine whether adipocytes also express TF, and if so, to ask whether TF gene expression is elevated in the adipose tissues from obese compared with lean mice. Our results demonstrate that TF gene expression is significantly elevated in the adipose tissue of obese mice, that it is localized to adipocytes and other unidentified stromal vascular cells, and that this increase may be regulated by TGF-␤. The coordinate increase in TF and PAI-1 would be expected to increase coagulation and impair fibrinolysis thereby promoting a state that favors thrombosis. †
MATERIALS AND METHODS
Animals and Tissue Preparation. Adult male CB6 mice (BALB͞c͞ByJ ϫ C57B16͞J), weighing 25-30 g, were obtained from the Scripps Rodent Breeding Colony (La Jolla, CA), whereas adult male obese mice (C57BL͞6J ob͞ob) aged 3-6 months and their lean counterparts (C57BL͞6J ϩ͞?) were obtained from The Jackson Laboratories. CB6 mice were injected i.p. with the indicated amount of human recombinant TGF-␤ (Sigma) dissolved in 4 mM HCl containing 0.1% BSA or with recombinant murine TNF-␣ (4 g͞mouse in saline; kind gift of Richard Ulevitch, The Scripps Research Institute). Control mice were injected with an equivalent amount of 4 mM HCl͞0.1% BSA or saline, respectively. For in vivo insulin experiments, lean mice (C57BL͞6J ϩ͞?) were injected i.p. with 10 units of regular human insulin (Humulin R; Eli Lilly), whereas the controls were injected with an equivalent volume of saline alone. At the conclusion of each experiment, mice were anesthetized by metofane (Pitman-Moore, Mundelein, IL), and various tissues were removed and processed for in situ hybridization analysis and preparation of total RNA as described (30) .
Quantitative Reverse Transcription-PCR (RT-PCR).
The concentrations of TF mRNA were determined by quantitative RT-PCR by using a competitor cRNA containing upstream and downstream primers for TF and ␤-actin (internal control) as described (34) (35) (36) . After reverse transcription (by using 10 5 molecules of cRNA for TF and 10 7 molecules for ␤-actin, optimized in previous preliminary experiments) and PCR by using 32 P end-labeled 5Ј primers, 20 l of the PCR products were electrophoresed on 2.5% agarose gels. The appropriate bands corresponding to the internal standard cRNA product and the target mRNA product were excised from the gel, and the incorporated radioactivity was quantified by using a scintillation counter. A standard curve for the internal control cRNA was constructed and used to determine the specific activity of the target mRNA as described (30, 35) . Variations in sample loading were assessed by comparison to ␤-actin mRNA.
Riboprobe Preparation and in Situ Hybridization. A subclone containing 821 bp of the mouse TF cDNA (nt 229-1,049) cloned into the vector pGEM-3Z (37) was used to prepare a riboprobe for in situ hybridization (38) . This vector was linearized and used as a template for in vitro transcription of radiolabeled antisense or sense riboprobes employing SP6 or T7 RNA polymerase, respectively, in the presence of [ 35 S]UTP (Ͼ1200 Ci͞mmol; Amersham). Both sense and antisense probes were routinely labeled to specific activities between 0.5 and 2 ϫ 10 8 cpm͞mg RNA. Slides were exposed in the dark at 4°C for 4-12 weeks.
Tissue Digestion and Cell Fractionation. Epididymal fat pads were isolated from mice by dissection, washed in sterile PBS, minced, and washed in Krebs-Ringer bicarbonate (KRB) buffer (pH 7.4) containing 4% albumin and 5 mM glucose (39) . The tissues were incubated with collagenase (2 mg͞ml; Sigma) on a shaking platform at 37°C for 1 hour. Undigested tissue was removed with forceps, and the adipocytes were then separated from other cells by their ability to float upon low speed (200 ϫ g) centrifugation. The medium below the adipocyte layer was centrifuged at 500 ϫ g for 10 min to obtain the stromal vascular fraction, and the resulting pellet was washed three times with warm KRB buffer. Total RNA was extracted from the two fractions and the amount of TF, or ␤-actin mRNA associated with each, was determined by quantitative RT-PCR as described above.
Cell Culture. Mouse 3T3-L1 cells were obtained from the American Type Culture Collection. The culturing of these cells and their differentiation from preadipocytes to mature adipocytes was carried out as described (31, 40) . Total RNA was isolated from untreated mature adipocytes and from mature adipocytes treated with TGF-␤ (1 ng͞ml) for 3 h.
RESULTS

TF mRNA Levels in Adipose Tissues from Lean and Obese
Mice. Experiments were performed to compare the level of TF gene expression in adipose tissues from lean and obese mice. Adipose tissues were removed from 3-, 6-, and 12-month-old lean and ob͞ob mice, and total RNA was prepared and analyzed for TF mRNA by quantitative RT-PCR (Fig. 1) . TF mRNA levels were elevated in both the epididymal (Fig. 1 A) and subcutaneous (Fig. 1B) fat of ob͞ob mice when compared with their lean counterparts (see legend for P values). The level of TF mRNA increased with age and the degree of obesity in the adipose tissue of ob͞ob mice, but not in the adipose tissue from lean mice. For example, when compared with the 3-month-old mice, TF expression was significantly elevated in the adipose tissue of both 6-month-old (P Ͻ 0.01 for epididymal fat; P Ͻ 0.05 for subcutaneous fat) and 12-month-old (P Ͻ 0.003 for epididymal fat; P Ͻ 0.002 for subcutaneous fat) obese mice. TF expression was also significantly increased (P Ͻ 0.002) in the epididymal fat of 12-month-old obese mice when compared with that of the 6-month-old mice. However, TF mRNA was not significantly elevated in the subcutaneous fat of 12-month-old mice when compared with the 6-month-old mice. This specific elevation of TF mRNA in the epididymal fat may be physiologically important because in humans, cardiovascular risk is most often connected with android obesity (41) .
Cellular Localization of TF mRNA in Tissues from Obese and Lean Mice. Cell fractionation and in situ hybridization experiments were performed to identify the cell types in the adipose tissue expressing TF mRNA. For the cell fractionation experiments, adipose tissues from lean and obese mice were digested with collagenase and then subjected to differential centrifugation to separate the mature adipocytes from the stromal vascular cells (39) . The amount of TF mRNA associated with the two cell fractions was then determined by RT-PCR. Fig. 2 shows that TFmRNA was elevated in mature adipocytes (P Ͻ 0.04) from stromal vascular cells (P Ͻ 0.005) from obese mice. The stromal vascular cell fraction contains many cell types, including endothelial cells, smooth muscle cells, fibroblasts, mast cells, macrophages, and immature adipocytes. Analysis of the cells in the stromal vascular fraction by in situ hybridization together with Oil Red O staining for lipids shows that some of the TF hybridization signal in this fraction resulted from contaminating smaller adipocytes (data not shown).
FIG. 1. Expression of TF mRNA in adipose tissue from lean and obese mice. Total RNA was extracted from epididymal (A) or subcutaneous (B) fat of male lean (ᮀ) and obese (s) animals of the indicated ages. TF mRNA was determined by using quantitative RT-PCR analysis. For each condition, n ϭ 6 Ϯ SD. Comparison of the epididymal fat from 3-month-old lean and obese mice by using the unpaired Student's t test indicated P Ͻ 0.036; for 3-month-old lean vs. obese subcutaneous fat, P Ͻ 0.031; for 6-month-old lean vs. obese epididymal fat, P Ͻ 0.001; for 6-month-old lean vs. obese subcutaneous fat, P Ͻ 0.02; for 12-month-old lean vs. obese epididymal fat, P Ͻ 0.004; for 12-month-old lean vs. obese subcutaneous fat, P Ͻ 0.005.
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Medical Sciences: Samad et al. Proc. Natl. Acad. Sci. USA 95 (1998) In situ hybridization analysis of paraffin embedded adipose tissues from lean mice showed no TF positive cells (Fig. 3A) or only occasional positive cells (for example, see Fig. 5A ). Quantitation of these results by counting 1,000 cells on slides prepared from three different mice demonstrated that Ϸ2% of the cells expressed detectable TF mRNA. However, a significantly higher percentage of positive cells were detected in the 3-month-old (Fig. 3B ) and 6-month-old (Fig. 3C ) obese adipose tissues (16.3 Ϯ 5% and 20 Ϯ 6.2%, respectively). Many of the positive cells morphologically resemble adipocytes consistent with the cell fractionation ( Fig. 2 ) and cell culture (Fig.  4C ) data. Because of the relatively large signal in the stromal vascular fraction (Fig. 2) , the possibility that TF may also be expressed by other cell types in the adipose tissue cannot be excluded. This question is currently under investigation.
In Vivo Regulation of TF mRNA in Adipose Tissue. Because of the compensatory hyperinsulinemia that accompanies obesity (42), insulin is systemically increased in the plasma of ob͞ob mice. Interestingly, TNF-␣ and TGF-␤ also appear to be elevated locally in the adipose tissues of these mice (31, 32) . All three of the above mediators induce PAI-1 in the adipose tissue (29) (30) (31) 43) , and each may thus contribute to the cardiovascular complications associated with obesity. We therefore determined the effect of these agents on TF gene expression in adipose tissue from lean mice. Lean mice (CB6 or C57BL͞6J ϩ͞?) were injected i.p. with either vehicle alone or vehicle containing 4 g of TNF-␣, 2 g of TGF-␤, or 10 units of insulin. Tissues were removed 3 h later, and total RNA was prepared and analyzed for TF mRNA by quantitative RT-PCR. The dose of each mediator employed and the tissue harvesting times used in this experiment were based on the optimum doses and times obtained for the induction of PAI-1 in previous studies (30, 31, 44) . In these experiments, TNF-␣ increased TF mRNA expression in the adipose tissue (maximum induction of 3-fold), and insulin showed a 1.5-to 2-fold increase (data not shown). However, TGF-␤ was the most potent inducer of TF mRNA in the adipose tissue, increasing it by 6-to 8-fold in both the epididymal as well as in the subcutaneous adipose tissue (Fig. 4A) . Cell fractionation experiments were performed to begin to identify the cell type(s) expressing elevated TF levels in response to TGF-␤ treatment. Adipose tissue was again subjected to differential centrifugation to separate mature adipocytes from the stromal͞vascular cells, and the concentration of TF mRNA in the two cell fractions was determined by RT-PCR. Fig. 4B shows that TGF-␤ induced TF expression primarily in mature adipocytes, although there was also induction in the stromal vascular cells. In this regard, TGF-␤ also induced TF gene expression in 3T3-L1 adipocytes cultured in vitro (Fig. 4C) . In situ hybridization analysis (Fig. 5) revealed the presence of low numbers of TF-positive cells (6.1 Ϯ 2.5%) in untreated control adipose tissues from normal CB6 mice (Fig. 5A) . However, within 3 h after TGF-␤ treatment, a strong positive signal was observed in 40 Ϯ 9% of cells that morphologically resembled adipocytes ( Fig. 5 B and C) . Endothelial cells (both large vessel and microvascular) did not appear to be induced by TGF-␤ to express TF (arrow in Fig. 5 B and C) .
DISCUSSION
Obesity is frequently accompanied by related metabolic disorders such as hypertriglyceridemia, hyperinsulinemia, insulin resistance, and hypertension (8, 9, 45) . It is also a pathological condition of the adipose tissue that is associated with increased risk for thrombosis (7, 8) and cardiovascular disease (7, 46, 47) . In this regard, abnormalities in the coagulation and fibrinolytic systems of obese͞NIDDM patients have been documented (13) (14) (15) (16) (17) (18) 48) , and a number of prospective studies implicate increases in plasma concentrations of factor VII, fibrinogen, and PAI-1 (49, 50) . Although factor VII increases in the plasma of obese individuals, little information is available about whether TF, the cellular receptor for factor VII͞VIIa and the primary initiator of the coagulation cascade (51), is also elevated. There is considerable precedent for this possibility because thrombotic episodes associated with other diseases (e.g., atherosclerosis, septic shock and cancer) are often correlated with increased expression of TF (22) .
In previous studies, we demonstrated that the ob͞ob mouse is a potentially useful model of human obesity because it provided insights into abnormal PAI-1 gene expression in this condition (29) (30) (31) . The experiments described in the current study were undertaken to determine whether genetically obese mice could be used to determine whether TF gene expression is also altered in obesity͞NIDDM. Our data show that the adipose tissue itself is a potent source of TF (Fig. 1) , and that its expression is elevated in adipocytes and unidentified stro -FIG. 2 . Expression of TF mRNA in the adipocyte and stromal vascular fraction of adipose tissue from lean and obese mice. Epididymal fat pads were isolated from 6-month-old male lean (ᮀ) and ob͞ob (s) mice. Adipocytes and stromal vascular cells were separated by collagenase digestion followed by differential centrifugation. Total RNA was extracted from each fraction and TF mRNA levels were quantified by RT-PCR (n ϭ 3 Ϯ SD). Comparison of the results of lean and obese adipocytes by using the unpaired Student's t test reveal P Ͻ 0.04; for lean and obese stromal vascular cells, P Ͻ 0.05. (Figs. 1-3) . Whether elevated TF mRNA in the obese adipose tissues actually leads to a systemic hypercoagulable state in the blood remains to be determined. Although we have not systematically quantified TF protein levels in adipose tissues, the following considerations suggest that expression of murine TF mRNA is an indicator of TF activity. First, previous studies appear to correlate TF mRNA levels in various tissues with amounts of procoagulant activity (37) . Moreover, in preliminary studies, clotting assays were performed by using human plasma and tissue extracts from murine adipose tissue. These studies demonstrated a 2-to 3-fold faster clotting time when adipose tissue extracts from obese mice were compared with those from the lean mice (data not shown). Finally, hypercoagulable states caused by shedding of TF-rich microvesicles from cell surfaces have been demonstrated in cancer (52) , dessimionated intravascular coagulation (53, 54) , collagen disease, diabetic microangiopathy, and chronic renal failure (55) . Plasma TF activity was also observed in diabetes mellitus patients, with the concentrations being significantly higher in patients with retinopathy or nephropathy than in patients with no complications (56) .
Experiments were performed to identify potential mechanisms that contribute to the chronically elevated levels of TF associated with the adipose tissues of obese mice. The ob͞ob mice are not only insulin resistant and hyperinsulinemic (42) , but, as in human obesity, TNF-␣ (32) and TGF-␤ (31) are also chronically elevated in the adipose tissues of these mice. Each of these agents has been reported to induce TF expression in vivo and͞or in vitro (51, (57) (58) (59) (60) . We thus asked whether TF expression in the adipose tissue could be induced by these cytokines. Intraperitoneal administration of insulin or TNF-␣ increased TF mRNA in adipose tissue by 1.5-and 3-fold, respectively (data not shown), whereas TGF-␤ increased it by 6-to 8-fold (Fig. 4A) . Again, the major cell type responding to TGF-␤ was the adipocyte (Figs. 4B and 5 ). In this regard, 3T3-L1 adipocytes in culture, also responded to TGF-␤ (Fig.  4C) , TNF-␣ and insulin (data not shown) with increased expression of TF mRNA. Induction of TF gene expression and TF procoagulant activity by TGF-␤ was previously reported in mouse fibroblasts (59) . In that same study, insulin also was reported to cause a weak induction of TF gene expression and procoagulant activity (59) . In previous studies from our laboratory, TGF-␤ was the major inducer of PAI-1 in adipocytes (31) . Thus TGF-␤ may be a potent regulator of abnormal gene expression in adipocytes. TGF-␤ may also influence the normal physiology and disease of adipose tissue. For example, obese transgenic mice over expressing TGF-␤ develop a lipodystrophy-like syndrome with severe fibrosis in the white adipose tissue (61).
We did not observe expression of TF mRNA in large vessel endothelial cells in adipose tissues from control, insulin-, TNF-␣-, or TGF-␤-treated lean or obese mice (for example, see Fig. 5 ). Whether capillary endothelial cells express TF is currently under investigation. Although in vitro studies have demonstrated inducible expression of TF activity in cultured endothelial cells in response to a range of mediators (51, 58) , most in vivo studies have failed to detect TF in endothelial cells (20, 37, 58, 62) . One exception appears to occur in the baboon during lethal Escherichia coli sepsis (63) . In this model, TF expression was observed in endothelial cells of the spleen but not in endothelial cells of the lung (63) . These results suggest   FIG. 4 . Induction of TF mRNA expression in adipose tissue and adipocytes by TGF-␤. (A) Six to 8-week-old male lean CB6 mice were injected i.p. with 2 g of human recombinant TGF-␤ (ᮀ) or diluent (s), and 3 h later, the adipose tissues were removed and analyzed for TFmRNA. Total RNA was prepared and analyzed for TF gene expression by quantitative RT-PCR (n ϭ 3 Ϯ SD). Comparison of TF mRNA levels in epididymal fat from control vs. TGF-␤-treated mice using the unpaired Student's t test reveal P Ͻ 0.01; for subcutaneous fat from control vs. TGF-␤-treated mice, P Ͻ 0.01. (B) Mature adipocytes and stromal vascular cells were separated by differential centrifugation, total RNA was prepared, and TF mRNA levels were determined (n ϭ 3 Ϯ SD). Comparison of TF mRNA levels in adipocytes from control and TGF-␤-treated mice reveal P Ͻ 0.0006; for control vs. TGF-␤-treated stromal vascular cells, P Ͻ 0.1. (C) 3T3-L1 adipocytes were grown and differentiated in 6-well tissue culture plates as described (40) . Total RNA was isolated from untreated cells (s), and cells treated with 1 ng͞ml TGF-␤ (ᮀ) for 3 h, and steady-state levels of TF mRNA were determined by using quantitative RT-PCR (n ϭ 6 Ϯ SD). 95 (1998) that TF expression by endothelial cells in vivo may be influenced by the local environment. In this respect, TF expression was also observed in vascular endothelial cells within tumors of patients with invasive breast cancer, but not in benign tumors (64) . At present, we can only speculate about the physiologic and͞or pathologic significance of TF gene expression in adipose tissues. Tissue factor mRNA and͞or antigen was previously localized to the epidermis, astroglia, bronchial epithelia, mucosal epithelial layers, and adventitia of large vessels (51) . This pattern of distribution in vivo suggests that TF forms a hemostatic envelope that activates the coagulation system when vascular integrity is disrupted (6, 22, 65) . The adipose tissue is a highly vascularized organ, and the adipocytes appear to be in intimate contact with capillary vascular beds (66, 67) . Adequate blood flow to and from the adipocyte is a critical component for the storage of lipids and for its utilization as an energy source. Under these circumstances, the integrity of the microcirculation is important and TF may help maintain this integrity in the adipose tissue. This function may be more important in obese conditions, where the adipocytes tend to be more fragile because of the several-fold increase in their size and mass. In this regard and as already mentioned, the adipose tissues of obese mice express considerably higher levels of TF mRNA than their lean counterparts (Fig. 1) .
Although TF may contribute to the hypercoagulable state observed in obese and insulin-resistant patients, a local nonhemostatic function for TF in adipose tissue physiology should also be considered. In this regard, several studies have suggested that TF may have other functions apart from its role in coagulation (3). For example, it has been implicated in cellular signaling (68, 69) and in the maintenance of vascular integrity and͞or vascular development as demonstrated by the embryonic lethality in TF knockout mice (70) (71) (72) . Unlike most other tissues, the adipose tissue has the ability to grow throughout most of adult life. In situations such as obesity, where pathological growth of the adipose tissue occurs, it is generally accepted that angiogenesis must also take place. Although adipose tissue angiogenic growth factors have been identified in adipose tissue biopsies from obese humans and in differentiating adipocytes (73, 74) , the mechanism of angiogenesis in severe obesity is largely unknown. Interestingly, a role for TF in tumor angiogenesis was demonstrated recently (75) . In these studies, overexpression of an antisense TF construct in meth-A sarcoma cells not only prevented the tumor cells from developing TF procoagulant activity but also caused a marked reduction in their ability to secrete vascular endothelial growth factor in vitro or in vivo. Moreover, the tumors appeared to have a markedly reduced angiogenic response when implanted in immunodeficient mice. These observations support the speculation that TF may play a role in angiogenesis in the adipose tissue of obese mice.
Finally, the potential role of the adipocyte in the control of hemostatic balance in obesity͞NIDDM must be considered. Besides TF, these cells appear to synthesize and secrete abnormally high levels of PAI-1 (29, 31, (76) (77) (78) . The elevated PAI-1 and TF may simultaneously compromise normal fibrin clearance mechanisms and lead to a procoagulant state. These observations raise the possibility that increased coagulation and impaired fibrinolysis may contribute to cardiovascular risk in this condition. The potential importance of these changes is emphasized even more when the dramatic expansion of the adipose tissue in obesity is considered. This situation is, in many respects, similar to the growth of large tumors that may eventually alter the composition of blood. In this regard, adipocytes appear to be true secretory cells. Besides PAI-1 and TF, they have been reported to secrete a number of molecules into blood, including TNF-␣ (32, 33), leptin (27) , components of the complement system (79, 80), angiotensinogen (81), lipoprotein lipase (82, 83) , apolipoprotein E (84), and cholesterol ester transfer protein (85) . Thus, the adipocyte secretes a variety of proteins into blood that may influence normal hemostatic balance. The abnormally high levels of some of these proteins may directly contribute to the thrombotic and cardiovascular problems associated with obesity.
In summary, the mechanisms that promote hemostatic imbalance in obese and diabetic conditions are obviously complex and may involve the dysregulation of several genes of the coagulation and fibrinolytic cascades. Moreover, obesity itself, whether caused by the lack of leptin as in the ob͞ob mouse or by other means such as diet, is associated with the derangement of multiple metabolic pathways. Leptin itself is known to alter a variety of metabolic processes (86) . Thus, the observed changes in TF may be an epistatic effect caused by the absence of leptin rather than by obesity per se. The fact that the amount of TF mRNA increases as the animals become more obese (Fig. 1) supports the hypothesis that it is obesity per se that leads to elevated TF expression in this model. Obviously, additional studies of multiple obesity models will help to clarify this problem. Whatever the mechanism, our data clearly demonstrate that TF is made in the adipose tissue, that the adipocyte itself is one source of this protein, and that TF gene expression by adipocytes is stimulated by TGF-␤ and is elevated in adipose tissue of obese mice. Moreover, these results raise the possibility that TF may also play a complex role in the physiology and͞or pathology of the adipose tissue itself.
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